Thermoelectric-power generation poses challenges, which are of fundamental and technological nature. Increasing thermoelectric efficiency for work, the therme of the associated policy, has encountered problems related, for example, to heat recovery and conversion to electricity. It is widely recognized that the augmentation of efficient electromechanical systems as a strategic subject of applied study in light of problems related, for example, to waste heat recuperation and conversion to electricity. This results in an abundant literature on the subject. Recent advances in the technological development of TEGs are based on advances in materials science: new materials and new techniques for the production of specific structures have made it possible to improve device performance through the characterization and optimization of their thermal and electrical transport properties. This paper presents a simulation study on the effect of temperature variation on a thermoelectric generator at the base of BiCuSeO, using the mathematical method of the finite element model.
INTRODUCTION
Energy recovery is a good way to overcome battery limitations. Energy from various sources of ambient forms such as vibration, heat and noise can be transformed to electrical energy through energy recovery. Among these sources of ambient energy, we can note thermal energy which can be converted into electrical energy using a thermoelectric generator. Glatz et al. [1] presented a novel polymer based wafer level fabrication process for micro thermoelectric generators (μTEGs) for the application on non-planar surfaces. In that study, the generators were fabricated by subsequent electrochemical deposition of Cu and Ni in a 190-μm thick flexible polymer mold formed by photolithographic (PL) patterning of SU-8. Their results showed that the thermocouple length should be in the range of 80-150μm when the best thermoelectric bulk material (BiTe) is used and realistic interface condition are assumed. Shittu et al. [2] numerically investigated a segmented asymmetrical thermoelectric generator (SASTEG) to optimize its electrical performance and mechanical reliability under transient and steady state conditions. They studied and compared the thermal and electrical performance of the SASTEG and TEG under transient and steady state heating conditions. Their results showed that the optimized SASTEG provided a power output enhancement of 117.11 % compared to that of the conventional TEG under rectangular pulsed heat condition. Kim et al. [3] reported a glass fabric-based flexible TE generator prepared using a screen printing technique and the self-sustaining structure of a TE device without top and bottom substrates. They showed an allowable bending radius of as low as 20 mm and no change in performance by repeated bending for 120 cycles. Zappa et al. [4] synthesized and preliminarily investigated Zinc oxide (ZnO, n-type) and copper oxide (CuO, p-type) nanowires as innovative materials for the fabrication of a proof-of-concept thermoelectric device. Thacher et al. [5] conducted a study to measure the automobile exhaust thermoelectric generator (AETEG)'s performance and its effect on the truck systems as well as to determine which factors are important for optimizing an AETEG design. Other studies can be found [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
In this work, we present a simulation study on the effect of temperature variation on a thermoelectric generator at the base of BiCuSeO, using the mathematical method of finite element model. We studied thermoelectric effects: Seebeck effect Peltier effect, Thomson and Kelvin relation. The results of the simulation obtained are in good agreement with the experimental and theoretical data available. Matlab has been used in the current calculation. Figure 1a presents the energy fluxes in a thermoelectric device; there is a thermal flux from a thermal source. While a part of this thermal flux is transformed into an electric energy flux within the thermoelectric material. A thermal drain absorbs the remaining thermal energy. In Figure 1b 
MATERIALS AND METHODS

Method of finite volume model of thermoelectric module
Due to the phenomenon of electron and phonon transport in conductors and semiconductors, heat flux and electrical current are, in general, coupled and linear functions of the electric field and the gradient of temperature:
However, even without knowing exactly what the coefficients α, π, σ, k are, it is clear from Eqs. (1) and (2) that in any material which allows both electrical and heat conduction.
The system for the method of "Finite Volume Model of Thermoelectric Module" consists of three domains with four boundaries. The sub-domains and their equations as represent in Figure 2 .
Figure 2. Sub-domain equations
Sub-domains I and III represent sink and the heat source, respectively, and sub-domain II represents the thermoelectric material. Figure 2 represents the time-dependent equations that are obtained by substituting Eqns. (1) and (2) for the conservation of heat flux and the load equations 3 and 4 presented below:
The thermal boundary conditions are: 1-A: Heat flux q0 is imposed:
2-B:
Heat is continuous across the interface flux balance; A current J0 is imposed J = J0. 3-C: Heat is continuous across the interface flux balance; a voltage V0 is imposed V = 0. 4-D: Temperature Tamb is imposed T = Tamb. It is assumed that k, ρ, Cv, ϵ and σ are constant within each sub-domain; they can and will differ between domains due to material differences. In sub-domain II, α = αT: a function of temperature and k, ρ, Cv are constants. Figure 3 indicates the temperature dependence of the thermoelectric generator properties for Bi1-xBa-xCuSeO samples. 
Boundary conditions for temperature at points B and C: Tb, Tc
The temperature at the B limit is given by the following equation:
The temperature at the C limit is given by the following equation:
Derived functions
The derived functions are connected by the length of the thermoelectric module and the time of the generation of power: [25] 
The merit factor is:
The efficiency of a thermoelectric generator depends on the merit factor of the material 
RESULTS AND DISCUSSION
Seebeck effect V=f (ΔT) depending voltage with the temperature
The curve shows that the voltage is temperature dependent, so this characteristic in Figure 4 shows that the Seebeck coefficient is sensitive to the temperature T.
The Seebeck effect is the transformation of the temperature gradient between the junctions of different metals into an electrical voltage in the milli-volt range of a difference in temperature. Effect is nonlinear with the temperature is depends on the construction of the materials. The Seebeck coefficient S is the amount of voltage difference ∆V generated for an applied temperature difference ∆T.
S =
ΔV ΔT (26) The voltage difference is calculate using the following equation [27] Figure 5 shows that the Peltier effect is that a current cause a temperature difference between the junctions of two different metals.
V = ∫ (S B (T) − S A (T))dT
The heat transfer is in the direction of charge carriers.The following equation represents the thermal current density, where j and ᴨ are the electrical current density and the Peltier coefficient [28] .
The thermoelectricity is a nonlinear effect in temperature and voltage, at low currents and temperature differences the nonlinearity is small, and the rough location of the peak, equation 9 represent the power in terms of current:
where, Rte is the electrical resistance of the thermoelectric module [29] . The thermal conductivity follows the Fourier process with its heat transfer, Qtc described by:
where, T is the difference between the hot side and cold side temperature and K is the thermal conductivity, when the electric current flows the Joule effect is generated internally. This effect is on both hot side and cold side with amount of energy as:
where, R is the electrical resistance. The Peltier effect is the heating effect when the electric current passes two dissimilar junctions and the total heat transfer is represented by:
where, α is the Seebeck coefficient. The Seebeck effect is a phenomenon in that a difference in temperature between two dissimilar semiconductors produces a difference in voltage between its two junctions. Seebeck coefficient is also defined as [30] .
Thomson and Kelvin relation
3.3.1 η=f (ΔT), depending efficiency with the temperature shown in Figure 7 , the maximum efficiency is equal 18.1 %. The Thomson Effect is the heat flow across a conductor, with terminals at different temperatures, due to current flow. The efficiency of a thermoelectric generator depends on the merit factor of the material. TEGs consist of a cold junction and a hot junction and use the temperature variation between each junction to generate electrical current. Figure 8 shows that the maximum merit value is 1.1.
The properties of the materials and the structure of the device are factors which define the efficiency of the energy conversion. A good thermoelectric material must be possessed of a low thermal conductivity, a high Seebeck coefficient and a high electrical conductivity [31] .
The suitability of a thermoelectric material is usually evaluated by the dimensionless thermoelectric figure-of-merit. 
CONCLUSION
The new properties of those material structures of the materials are factors that exhibit the energy conversion efficiency of the TEGs. To ameliorate its efficiency, the material needs a high electrical conduction and a good Seebeck coefficient and low thermal conductivity.
The results obtained show the Seebeck coefficient is sensitive to the temperature; he depends on the construction of the materials. The Peltier effect causes a temperature difference between the junctions of two different metals.
Electricity materials could be a parameter that shows that the energy potential conversion is restricted. According to the energy conversion potency is limited.
On the other hand, the efficiency of a thermoelectric generator depends on the merit factor of the material Based on these results, to have a good thermoelectric material it is necessary to have a low thermal conductivity, a high Seebeck coefficient and a high electrical conductivity. Energy,
